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Why Now?

*Radically different systems software?

*New capable hardware types

*Compute-capable SmartNICs
*Bluefield, Stingray, Fungible DPUs

*New SmartNIC architectures
*In Network Compute Assistance (INCA)
* Allow deadline-free compute on NICs




- I 'What's different from the past? |

*Past attempts were slower than CPU cores ‘
*SmartNICs from early 2000s couldn’t keep up with advances
in CPU frequencies |

*Past attempts had deadlines
*Could only work on data for limited amount of time

*Hard to program for; couldn’t do enough to really make an I
Impact |

)



s offloading radical?

*Just moving compute from CPU cores to network cores is
simple
* Reduces overhead and can increase performance

*Offloading is not enough for radical change

*SmartNICs can enable entirely new applications and types of
system software that can be independent




- I What is a SmartNIC?

*To understand the transformative nature of SmartNICs must ‘
define SmartNIC

*Many definitions of SmartNICs are out there
* Mostly marketing terms, not well defined

*Some companies use the term Data Processing Unit (DPU) !
* Really just a SmartNIC rebrand, may define a certain class of SmartNIC




* " SmartNIC Classification

*VVery simple classification (formal classification method
coming in the future)

*Three basic classes of SmartNIC

*Class I: SmartNIC that just does basic network task offloads

* Only does operations on network traffic, traditional offloads — not very
smart




SmartNIC Classification :

*Class II: SmartNIC that does general compute on data streams (sPIN) ‘
* Has to complete compute be deadline to free up resources for future
incoming packets
* Model: Unlimited incoming data, therefore limited compute ‘

e Class Ill: SmartNIC that does general compute without deadline
(INCA, bluefield) I
* Runs independent programs, not kernels on each packet
* Model: Unlimited compute, only relies on some incoming data




Radical Runtimes |

*Only consider Class IIl SmartNICs for radical runtimes ‘
*Need unbounded compute times and complex applications on
SmartNIC
Significant compute capability
e Similar to CPU cores, can even do some basic ML and much
more complex compute with appropriate additional
accelerators ‘
*Assume we have “white” silicon equal to current NIC
ASIC packages minus current NIC logic size
* Package sizes driven by EE concerns, not logic needs
*Spare space to build in compute “for free”




Radical Runtimes Overview |

* Distributed Adaptive Resource Management ‘
* System Tuning |
* Networks and node-level tuning

* Data Storage and Management

* Resilience

e Failure Prediction



Distributed Adaptive Resource Management |

*SmartNICs can enact adaptive resource management ‘
*Control network resources amongst multiple actors |

*Coordinate with other nodes on job-level resources
management

*For elastic jobs, SmartNICs could even serve as job managers |
* E.g. SmartNICs running zookeeper in cloud |




=1 System Tuning

* Network tuning:

* SmartNIC observes all traffic, so it can schedule and anticipate bandwidth
needs and switch MTUs/small-large packet modes on the fly

* Suggest times to send non-critical data when network is quiet
*System Tuning:
* Let local tuning mechanism still operate

* Close to performance counters on device

* SmartNIC works as a coordination device between nodes
» Coordinator for optimization frameworks like Intel’'s GEOPM




Data Storage and Management I

*Expand Storage Hierarchy ‘
* SmartNICs have RAM/Storage
*Extra level in hierarchy |

*Smart storage level with compute

*Could create Distributed Hash Tables (DHT)

* Built in SmartNIC memory with SmartNIC management I

* DHT can facilitate data exchange between applications (e.g.
simulation and visualization)

* DHT persistence could be used with compute resources




» I Data Storage and Management

*Coordinate I/O management
* Schedule times to write data out to storage
* Read in data speculatively for applications
* Provide an additional level of storage in the hierarchy

* Allow intelligent data movement to |/O to reduce application
traffic interference

* Facilitate data movement
* Simulation and viz/analysis
* Move only the data that’s needed
* Pre-process data to determine what’s needed where
* Schedule data movement to meet deadlines with flexibility
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Resilience and Recovery

*SmartNICs can operate independently
* Node crashes, SmartNIC stays up
* For Kernel panic, many recovery options for data

*SmartNIC can manage communication state for recovery

* Active notification of node failure — no more inferring nodes have
crashed/gone away

* Mitigates many zombie node situations
* Recover data from memory to backup nodes

* Without failures - manage checkpoints
 Similar to I/0O management




Failure Prediction

*SmartNICs can be used to perform more complicated failure
detection schemes

* No competition for compute resources with applications

* Easier to coordinate with whole system for distributed failure
prediction

* Can use more information for failure prediction then just local
conditions

e Example: using surrounding node temperatures to determine future
temperature spikes/drops that might increase chance of failure (heat

cycling)

)



« I Takeaways

*Next Generation SmartNICs are creating exciting new ‘
possibilities

*Impact of non-deadline based models could be high
*In pipeline like INCA or (mostly) out of pipeline like Bluefield

*Still much to learn about SmartNIC architecture design !

*Many use cases still be to be thought of




17

Thank you

Questions?

NYSE,

National Nuclear Security Administrafion
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